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advantages of the alcohol machine, and that is the real 
reason why the latter has found such extended applica
tion in some European countries, in spite of its slightly 
greater operating cost. 

[Concluded from SUPPLEMENT No. 1ii95, page 25551.] 

SAND FOR MORTAR AND CONCRETE.* 

By SANFORD E. THOMPSON. 

COARSE VS. FINE SAND FOR MORTAR. 

Compressive Strength and Elementary Volumetric 
Composition of 2-inch Cubes of Portland 

Cement and Bank Sand. 

No.1 }. 
Cuarse, 1.2.64 1:3 0.171 0.518 0.689 0.126 7 1 5  3,530 

No.2 1 1:2•64 Fuw, 1:3 0.154 0.466 0.620 0.083 405 2,320 

No. 3 
� 1:2.64 Very 

Fine, 
1:3 0.149 0.4:;1 0.600 0.074 330 2,070 

Note.-Quantity in column 7 is from Feret's formula, 

p= K(�)2 
1-8 

in which K is a constant varying with the age of the 
specimen and the quality of the cement. Relative 
strengths of similar mortars are in direct proportion 
to this quantity, and by means of it the compressive 
strength in column 9 is calculated, assuming an aver
age value for K of 28,000.t 

The cubes were made too recently to permit long 
time tests, but by means of the density tests it is pos
sible not only to compare different sands, but by calcula
tion to closely approximate the actual strength of the 
mortars. Thus the compressive strength at the age of 6 
months, as estimated by Feret's form ula, should be 
approximately 3,530 pounds per square inch for the 
mortar of coarse sand, 2,320 for the mortar of fine 
sand, and 2,070 pounds per square inch for the mortar 
of very fine sand. 

The method of making the 2-inch cubes may be of 
interest, as I do not know of its having been used 
before for test specimens, although it is in commercial 
operation for casting artificial stone. I employed the 
process of sand molding. Wood patterns were first 
made the size of the cubes required, and molds were 
formed in fine molding sand as for .iron castings. The 
mortar was mixed to wet consistency in a small labora
tory mixer, and poured into the molds the sand absorb
ing the surplus water. After remain'ing in the moist 
sand for 24 hours, the cubes were removed and placed 
in water until tested. One of the objects of this 
method of procedure was to eliminate the variations 
occasioned by different percentages of water and dif
ferent degrees of compacting in the ordinary method 
of brass molds. I have not made sufficient tests to 
even suggest this process for general use in testing 
cement, although I have employed it for making large 
mortar blocks for compression tests with extremely 
satisfactory and uniform results. 

Until recently I have been of the opinion that the 
density of a mortar was also an exact indication of its 
water-tightness. Recent tests, however, have led me 
to question the direct relation between the two quali
ties. The permeability tests in the present series are 
not yet far enough advanced to draw positive conclu
sions, but they indicate a marked difference between 
the laws of strength and permeability. Concrete speci
mens were mixed in proportion 1: 3: 6 by volume, based 
on 100 pounds of cement per cubic foot, and using 
gravel for the coarse aggregate. For the fine aggre
gate, No. 1 coarse sand and No. 3 very fine sand, and 
mixtures of these two, were used in different speci
mens. The results showed the concrete with coarse 
sand to pass considerably more water at the age of 
14 days than the concrete made with very fine sand, 
although the strength of the mortar of coarse sand 
was more than double that of the fine sand mortar. 
The flow through the specimens with mixed sands was 
not very different from the flow through the one with 
all fine sand. 

The results indicated by the tests are that a certain 
percentage of fine sand is absolutely essential for 
water-tightness in a mixture as lean as 1:3:6, and 
after this percentage is reached (in the case of our 
tests one-sixth of the coarse sand was replaced by 
the very fine No. 3 sand), there is not very much 
change in the flow through the specimens by the 
further increase in quantity of fine sand, or even by 
the entire substitution of fine sand for the coarse. 
With proportions 1: 2: 4 there appears to be such an 
excess of cement that no additional fine sand is needed. 
Comparative tests of two specimens of a series made 
for Mr. Bertram Brewer, city engineer of the city of 
Waltham, Mass., which city is contemplating the con
struction of a concrete standpipe, showed scarcely any 
difference between a bank sand of the nature of No. 1 

* Read before the quarterly meeting of the AHElOciation of Amt'rican Port� 
lana Cement Manllfact,llrer!:5. 
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and the same sand mixed with one-third part of very 
fine material. 

A point of interest which may be noted in connec
tion with these and other similar tests is the fact that 
the finer sands require a larger percentage of water 
than coarse sands to produce the same consistency of 
mortar, the required percentage varying, in fact, with 
the fin�ness of the sand. Thus in the density tests, 
to obtam a soft mortar of uniform consistency in each 
case, it was necessary to use 15 per cent of water to 
the weight of cement plus the coarse sand, 21 per cent 
for the cement fine sand, and 24 per cent for the ce
ment and very fine sand. In the permeability blocks, 
7 per cent of water to the total weight of dry material 
was used in the specimen with coarse sand, this cor
responding to 20 per cent of the weight of the cement 
plus sand, which is a better way of expressing the 
quantity of water in concrete, while the concrete with 
the very fine sand required 8 per cent of water to 
weight of total dry materials, or 24 per cent to weight 
of cement plus sand to attain the same consistency 
as the other. The concretes with mixed sands re
quired percentages of water intermediate between these 
two. 

The results thus far have dealt only with natural 
sand and mixtures of natural sands. Our knowledge 
of the effect of fine and coarse sand is now beginning 
to be applied to artificially screening sand into two 
or three sizes and then mixing them in proportions 
determined by theory and experiment. Bank sand, 
or artificial sand containing moisture, must be dried 
before separating the fine sand particles, but even this 
expense is not prohibitive in a factory manufacturing 
concrete blocks or even llpon a large structural job, 
when, as a consequence, the proportions of the concrete 
may be made leaner and a large saving effected in the 
proportion of the cement. 

For concrete under water pressure I have found by 
experiment a small percentage of hydrated lime or of 
slaked lime putty to appreciably increase the water
tightness. Puzzolan cement also has been mixed with 
Portland cement and used in marine construction to 
produce a lean impermeable mortar. Several patented 
compounds are now upon the market, some of which 
may eventually prove valuable for increasing water
tightness. 

The question frequently is asked as to the best 
composition of sand for concrete. As already indi
cated, there can be framed no general requirements 
suited to all conditions. In the case of a small job it is 
usually unnecessary to restrict the contractor to definite 
size, because it will be cheaper to use rich proportions 
than to incur the expense of careful grading. 

For mortar sand, Mr. Feret's rule that the coarse 
grains should be double the fine grains, including the 
cement, forms a guide as to the best grading. For the 
strongest mortar, such a rule would require for 1: 2 
proportions no sand grains passing No. 40 sieve; for 
1: 3 mortar, 11 per cent of the sand grains passing 
this sieve, and for 1: 4 mortar, 17 per cent. Sand for 
concrete, I find, requires more fine material than mortar 
sand, and tests indicate that the best percentages pass
ing a No. 4 0  sieve may range from about 18 per cent 
for a 1:2:4 concrete up to 27 per cent for a 1:4:8 con
crete. For water-tight concrete even a larger percen
tage of fine grains appears to be beneficial. As re
gards dust, that is, the mineral matter passing a No. 
200 sieve, good results are attained in rich mortar and 
concrete with no sand grains finer than this, while for 
lean mixtures, say, those in which the proportions of 
cement to sand are 1: 4 ,  as high as 10 per cent may be 
beneficial, and a larger per cent may be used without 
detriment. While it is impracticable to limit fineness 
in practice to the exact percentages suggested, they will 
serve as a guide for comparison and selection. 

I cannot well close this paper without touching 
more definitely upon the general requirements in pro
portioning sand for concrete. I have already referred 
to the sizes of sand which from tests thus far made ap
pear to produce the best results. Much finer sands can 
be used with safety, in fact, if a good coarse sand is not 
available, almost any size of sand may be used if a 
sufficient proportion of cement is added, provided it is 
positively proved by tests using all the materials in 
the adopted proportions and consistency, that the 
mortar or concrete sets up and hardens properly. One 
notable exception to this rule is in the case of concrete 
laid in sea water, where tests have shown very con
clusively that fine sand must never be used. 

If fine sand must be adopted for concrete, a smaller 
proportion of it may be used with reference to the 
stone of the concrete than with coarse sand, because 
the finer sand makes a larger bulk of mortar, and the 
small grains fit more readily between the stones of the 
coarse aggregate. In the blocks made for the permeabil
ity tests described, the 1: 3: 6 concrete with the coarse No. 
1 sand contained only a slight excess of mortar not 
much more than was absolutely necessary to compl�telY 
fill the voids, while the specimen mixed in the same pro
portions by dry weight with the very fine No. 3 sand 
had a noticeable excess of mortar, so much as to actu
ally increase the bulk of concrete nearly 8 per cent. 
This excess came to the surface, although the con
crete, which was mixed wet, was rammed scarcely at 
all. In practice this principle has resulted in requiring 
proportions with as little sand as in a 1: 2: 6 mix if the 
sand is fine, whereas 1: 3: 6 would have been necessary 
with a coarse, gravelly sand. 

From these somewhat general observations and the 
results of tests we may summarize the following more 
important guides to selection of sand: 

Coarse sand is always best for a rich mortar' for a 
lean mortar a small admixture of fine sand with the 
coar:;;e is beneficial; water-tight concrete appear:;; to 
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require a larger percentage of fine grains than is neces
sary for maximum strength; if very fine sand must 
be used for mortar or concrete, it must be excessively 
rich in cement, and the sand must be tested for setting 
qualities; if the sand is fine, a smaller quantity may be 
used in concrete in proportion to the stone; to choose 
between two sands, make each into a mortar with ce
ment in the required proportions, and for maximum 
strength, select the one producing a smooth mortar 
having the smallest volume. 

CONTEMPORARY ELECTRICAL SCIENCE.* 

N-RAY PHOTOGHAPHS.-C. Gutton has investigated the 
alleged effect of N-rays upon a Hertzian oscillator by 
means of photographic records. Blondlot maintained 
that when N-rays fall upon the spark in the primary 
circuit, the brightness of the secondary spark de
creases. This decrease is very difficult to observe on 
account of the general unsteadiness of the spark. The 
difficulty was overcome by the author by using brass 
terminals, which, being more volatile than platinum, 
gave a steadier spark, and which also, on account of 
the zinc they contain, are rich in photographic rays. 
The N-rays were derived from a Nernst lamp sur
rounded by sheet-iron, and were filtered through wood, 
paper, and aluminium. The photographs show the 
effect described by Blondlot quite clearly.-C. Gutton, 
Comptes Rendus, January 15, 1906. 

N-RAYs.-prof. Mascart has, in conjunction with 
Blondlot, Virtz, and Gutton, repeated Blondlot's experi
ment on the refraction of N-rays by an aluminium 
prism. The "spectrum" shows a series of maxima 
and each of the observers located these by means of 
a sulphide screen and a dividing machine and the 
readings were noted independently by a�other ob
server. They were taken in two directions, both going 
and returning. The consistency between the readings 
was found to vary with the training of the observer, 
that of Blondlot being greatest, his maximum error 
being less than 0.5 per cent. The other observers' 
errors sometimes amounted to 1 per cent, but they 
were never sufficient to confuse successive maxima. 
T'he mean deviation was 30 deg., and readings were 
taken to within 2 min.-Mascart, Comptes Rendus, 
January 15, 1906. 

DOUBLE RANGE PORTABLE ELECTROSCOPE.-C. T. R. 
Wilson has designed a gold leaf electroscope which 
reads from +5 to --5 volts and also from 95 to 105 
volts, and, therefore, allows of leakage observations 
both at high and at low potentials. The gold leaf is 
suspended inside an insulated brass sphere charged to 
a positive potential of 50 volts. When the leaf is 
earthed, it differs in potential by 50 volts from the 
sphere, and is deflected away from its vertical support. 
A small positive potential makes it fall, and a small 
negative potential makes it rise. On increasing its 
positive potential it gradually falls to a minimum de
flection, which it reaches at 50 volts. On further rais
ing the potential of the inner coating of the small 
Leyden jar with which the gold leaf is connected, the 
latter rises again, and reaches at 100 volts the same 
deflection as it had at zero potential. The scale will 
then be the same, only reversed. The gold leaf used 
is 1.1 centimeter long and 0.2 millimeter wide, giving 
a deflection of 0.1 millimeter per volt. The gold leaf 
system is charged through the intermediary of a slid
ing condenser, which gives complete control of the 
potential. The readings of the instrument are very 
steady; owing, no doubt, to the double case there is 
apparently a complete absence of disturbances due to 
convection currents. The gold leaf takes up its posi
tion of equilibrium within a small fraction of a sec· 
ond, so that very rapid potential changes can be f01-
lowed.-C. T. R. Wilson, Proceedings of the Cambridge 
Philosophical Society, January 31, 1906. 

CANAL RAYS.-J. J. Thomson has studied the prop
erties of the canal rays obtained by means of a per
forated cathode by allowing them to impinge upon a 
charged metal plate mounted in an auxiliary tube at 
angle to the path of the rays. When the canal rays 
strike against a solid they cause it to emit cathode 
rays moving with small velocities. This can easily be 
shown by charging the metal plate, against which the 
canal rays impinge negatively to a potential of, say, 
80 volts, then from the part of the plate struck by the 
canal rays a pencil of feebly-luminous rays can be seen. 
These rays are easily deflected by a magnet in the 
direction indicating a negative change. The canal 
rays ionize the gas they traverse, and the presence of 
electrons is proved by the deflection of portion of the 
beam toward the plate when charged positively. 
When the canal rays, consisting as they do of posi
tive ions, lose a certain portion of their velocity, they 
combine with electrons to form uncharged molecules or 
atoms. This critical velocity is about the order of 
lOS centimeters per second, but is higher in the a-rays 
of radium. The canal rays disintegrate a metal plate 
against which they strike, for after a long-continued 
bombardment of the metal plate the walls of the tube 
in the neighborhood of the plate are found to be cov
ered with a deposit of the metal. When the canal 
rays impinge on a salt of sodium the salt gives out 
yellow light in which the D line is very bright. It is 
remarkable that this line is not given out when canal 
rays impinge on the metal sodium itself. A mirror 
of sodium with specks of oxide on it presents a beauti
ful appearance when struck by these rays. The spots 
of oxide shine out brightly with a greenish-yellow 
light, while the surface of the metal itself seems quite 
dull if no external light falls upon it.-J. J. Thomson, 
Proceedings of the Cambridge Philosophical Society, 
January 31, 1906. 
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